Summary No previous controlled studies of ovarian germ cell tumours have been reported; however the tumour is similar to germ cell testicular cancer in terms of histology, age-specific incidence rates (i.e. highest rates in young adulthood), and secular trends of increasing incidence. The investigation was designed to determine if maternal hormonal factors which have been found to increase the risk of testis cancer in male offspring are also risk factors for the ovarian tumour. The analysis is based on 73 cases diagnosed before age 35 and 138 age-race matched controls. The cases were identified by tumour registries in Los Angeles and Seattle Ovarian germ cell cancer is quite rare and no previous controlled epidemiologic studies have been reported. The similarity of these tumours to germ cell testicular cancer in terms of histology (Teilum, 1976), age-specific incidence rates highest in the young adult age range (Walker et al., 1984; Weiss, 1982), and secular trends of increasing incidence (Walker et al., 1984) Angeles case series and 15 were from Seattle.
Ovarian germ cell cancer is quite rare and no previous controlled epidemiologic studies have been reported. The similarity of these tumours to germ cell testicular cancer in terms of histology (Teilum, 1976) , age-specific incidence rates highest in the young adult age range (Walker et al., 1984; Weiss, 1982) , and secular trends of increasing incidence (Walker et al., 1984) prompted this investigation to determine if maternal hormonal factors, which may increase risk of testis cancer in male offspring Henderson et al., 1979; Schottenfeld et al., 1980) , are also risk factors for ovarian germ cell tumours. Specifically, this study addressed the effects of in utero exogenous hormonal (especially oestrogen) exposure (i.e. DES or other supportive hormones, hormonal pregnancy tests, and use of oral contraceptives after conception) as well as maternal factors possibly related to higher endogenous oestrogen levels [e.g. obesity (Edman & MacDonald, 1978) , nausea (Depue et al., 1981) , and parity (Bernstein et al., 1986) ] on risk of germ cell tumour development in female offspring.
Materials and methods
The cases represented all malignant germ cell tumours of the ovary diagnosed in women under age 35 between 1972 -1984 in Los Angeles County and between 1974 -1984 (Mack, 1977) ; the Seattle cases were obtained from the Seattle Tumour Registry maintained by the Fred Hutchinson Cancer Research Program (US Dept. of Health and Human Services, 1981) . The major histologic categories under study included (1) dysgerminomas, and (2) the teratoma group including embryonal carcinomas, immature teratomas, and endodermal sinus tumours. Ten cases of gonadoblastoma and other germ cell tumours where the case was known to have abnormal sex chromosomes (e.g. the study, the primary interview was conducted with the mother of the case. Of the 144 cases for whom we were able to obtain physician approval, 33 could not be located and 26 did not have a natural mother who could be interviewed [10 mothers were deceased and others were lost due to senility (N = 4), language problems (N = 4), residence out of the country (N=5), or For each case an attempt was made to identify two ageand race-matched controls using friends or neighbours so as to approximate a socioeconomic match. For cases under age 18 at diagnosis, the controls were selected from friends or neighbours of the case in the year prior to diagnosis. For cases over age 18 at diagnosis, controls were selected from among the case's friends or neighbours at the time of graduation from high school, in order to approximate the social class of the case's mother rather than of the case herself.
The procedure for obtaining the potential friend control names was to ask the case mother for a list of first names of friends of the case from the appropriate time period at the beginning of the interview and to have her rank them according to closeness in friendship and age to the case. Then at the end of the interview, permission was requested to contact these friends, beginning with the first two ranked friends who were within two years of the case's age and of the same race.
Neighbourhood controls were sought when two friend controls could not be identified. The neighbourhood controls were selected by following a specified walking pattern in the blocks around the case's residence. Residents of each unit were surveyed until a race and age (±5 years) match was located.
Once the control was selected, permission was sought to interview her mother. At (Breslow & Day, 1980) , with 95% two-sided approximate confidence intervals (Miettinen, 1970 Table I . Based on the mother's information alone, 9 case mothers and 8 control mothers reported exposure to oestrogenic hormones during the first trimester of pregnancy for a matched OR of 2.8 (95% CL = 1.0, 7.9). Use of the nedical records akered some of the exposures for specific irivid-wals, but the resulting ORl remained elevated [OR based on mothers' reports plus medical record information=3.6 (95% CL= 1.2-13.1)] (Table II) . Specifically, three exposures (2 for case mothers and 1 for a control mother) were not reported by the mothers and were identified only from medical records. In addition, use of medical records also eliminated one case mother and one control mother from the exposed category. Henderson et al., 1979; Schottenfeld et al., 1980; Moss et al., 1986) (Table IV) .
Matched
We have previously suggested a possible mechanism to OR 95% CL explain these observations for cell testicular cancer . We have proposed that risk of Support for this 'arrested development' hypothesis is nal levels found in karyotype studies of human germ cell tumours which have indicated that these tumours arise from germ 1.0 Referent cells in which the normal meiotic process has been inter-1.2 (0.6-2.4) rupted (Linder et al., 1975; Wang et al., 1981) . In two 0.8 (0.3-1.8) studies of benign ovarian teratomas, the high proportion 2.5 (0.9-7.1) with homozygous or nearly homozygous chromosomes 2.7 (1. 0-7.6) suggests that the tumours occurred in germ cells in which 0.8 (0.4-1.5) meiosis II was supressed (Linder et al., 1975) . In contrast, 1.0 (0.4-2.8) male testicular teratomas have shown heterozygosity in 0.8 (0.4-2.0) enzyme markers, centromeres, and possession of the Y chromosome (Wang et al., 1981) . This could occur if 0.6 (0.3-1.4) meiosis I were suppressed. This would be a logical difference between the male and female tumours with a hypothesized prenatal exposure.
A mechanism for how oestrogen exposure may affect the meiotic process in female germ cells is indicated in studies of mice which were exposed prenatally to ethinyl oestradiol ovarian germ cell (Yasuda et al., 1977; Yasuda et al., 1985) . A reduced number of follicular cells and normal primordial follicles as well as an increased number of degenerating follicles were found in Matched the ovaries of mice whose mothers were treated on days 1 1-OR 95% CL 17 of gestation. The lack of surrounding follicular cells causes an oocyte to prematurely progress through meiosis I and then usually degenerate (Ohno & Smith et al., 1964) . parthenogenically activated at the completion of meiosis I, 1.3 (0.6-4.3) and persist into adolescent life. In fact, female mice with 1.3 (0.5-2.9) granulosa cell deficient follicles have an increased susceptibility to teratoma development (Eppig, 1978 (Edman & MacDonald, 1978) , and also due to lesser amounts of sex-hormone-binding globulin (O'dea et al., 1979) . Among premenopausal women, measurably high oestrogen levels are apparent only when a women's weight is at least 20% above that which is normal for her height (Edman & MacDonald, 1978) . Based on our previous studies of testis cancer Henderson et al., 1979) , we had expected that severe maternal nausea during the index pregnancy would also be a risk factor for ovarian germ cell tumours, especially in connection with first pregnancy. Despite the use of numerous indices to classify severe nausea, no increase in risk was apparent.
We have considered possible methodologic explanations for our results. Selection bias might have occurred if case mothers who used hormonal drugs during pregnancy were more likely to respond than those who did not. We minimized possible bias by recruitment of cases into the study without mention of any study hypotheses, and through identification of potential friend controls prior to completion of the interview. The major reasons for noncompletion were largely due to inability to establish contact in the first place and not due to refusal to participate based on factors that could be systematically related to exposures under study. Interviewed cases were less likely than non-interviewed cases to be of Hispanic origin and to be of low socioeconomic status (SES); but controls were selected to be of comparable ethnicity and social class as the cases.
The long time period between the index pregnancy and the interview would make totally accurate recall of exposures equally difficult for both case and control mothers. This would result in the ORs being biased toward the null. The use of medical records and directed questions with appropriate probes was designed to minimize the possibility of biased recall with case mothers being more likely to report specific exposures than controls. The specificity of our finding, i.e. the comparatively low odds ratios observed for use of non-hormonal drugs, suggests that the elevated odds ratio observed for hormonal drug use was not the result of recall bias.
Potential confounders were considered both by matching and in the analysis of the data. Based on income and education rankings, control mothers tended to be of somewhat higher SES than case mothers. If anything, we expect this residual confounding to bias the odds ratio for hormonal drug use towards the null, because higher SES is associated with germ cell tumours of the testis and is also presumably related to increased access to hormonal drug use. The major additional potential confounder considered for hormonal drug use was a previous or current abnormal pregnancy problem, and adjustment for it resulted in little change in the OR for hormonal drug use.
We conclude the in utero exogenous hormone exposure in the first trimester of pregnancy is associated with an increased risk of ovarian germ cell tumours in adolescence. Exposure to DES and the hormonal pregnancy test have been eliminated from current medical practice. Although the absolute risk to offspring is very low, additional cases of ovarian germ cell tumours may occur due to continued inadvertent exposure to oral contraceptives after conception. Further research on the variation in endogenous hormonal levels among women in early pregnancy may help in identifying other potential risk factors.
